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Abstract

In this rapoti, th usa of IAmor-inducd breakdown

dimusnod. ~o mixed wamta ●mpha invutigated includa

vitrifiad wadm glanm and contaminated soil. Coa.paradto

traditional analysis tochniquaa, tho laser-baaad Bothod is

faint( i. ●., analysim times on tha ordar of ainutos) and

●amntially wa8t* fro. sincm littla or no ●aplo preparation

in roquirad. D9toution limit- on th ordar Or pm Sr wara

datorminad. Mtaotion limits obtainad using a flbor optic

aablo to dolivor la-or pulaam to soil saaphs containing Sr,

Cr, Zr, Pb, M, Cu, and Ni will also M dimuamd.
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INTRO~CTION

Nuclaar

.-

roactors havo baan oparatti at gov~rnmmt

suppozt~ national laboratories for approximately fifty

years. During this period, millions of gallons of mixed

wasto has accu.mulatad.This waato contains fission products,

tranmranics, othor toxic alements and compounds which ara

ragulatad by the EPA. Tlm analysis of this typa of waste by

traditional analyais tachniguo= is difficult, tima

consuming, and ham tho potential of gonorating significant

‘OSr is typically analyzedquantitioa of additional waste.

1 Dapanding upon tho sampla matrix,using Gana spectroscopy.

chemical and radioanalytical separation must b. parformd

b-for. tho ●mplo is placad in tho gamma spactrommtor for

counting. This typa of sampl- preparation can load to tha

ganaration of significant quantities of additional wasta.

Tho wasta issua is further compounded by tho fact that 90Sr

is a gamma cmittor requiring spatial sampla handling

procadurom to ●nsuro that tha ●xposuro of analysia porsonnal

to gamma radiation i= minimizad.

b- handled, analyzed, and storod

hot calls. Tho analysia of mixed

uming gamma spoctr~scopy takes a

many cases daym or wodm.

Tho Lasar-Induuod Braakdown

tochniquo is a ralativoly simplo

Thoma typas of ●mploa must

in laad llnad glovoboxatior

wasta samplaa containing Sr

minimum of hours and in

Spoctrosuopy (LIBS)

but powarful multi-

●lamantal analymis tachniqua requiring littla wamplo
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preparation.2 In the LIBS method powerful lassr pulsas are

focumd onto WI. surfaca of a samplo to ganarato a plasma.

ma amission from tha plasma is then collcctad, wavalangth

diapermed, dotoctad, and analyzed to detorminc tha ●lemental

composition of tho mmplo. Sinca only a fed nanograma to

micrograms of sampla is removed from tho oamplm during the

gonoration of tha plama and littlo or no ●mplo preparation

h rquirad, this mothbd is essentially wasta frea. However,

for quantitative analyah, calibra’:ioncu=es for tho

●laments of interomt must b. prapared. During thim process

it 18 pcmiblo to genarata a small quantity of waste. Th@

amount of wasts generated is ntill much smaller than tha

quantity of wast. generated using gamma spectroscopy.

Comparad to the gamma spectroscopy tachniquo, typical

analysis times for tho LIBS method arm on the order of

minutes.

Racant

optia cabla

●ffectivoly

can be don.

results in our laboratory, indicato that a fiber

can be usad to dolivar lasar light to samples

for LIBS analysis. Thus, multi-alemant analysis

ramotely.3 This opons up many naw araas of

applications of tho LIBS tochniquo. For ●xamplo, the

analysia of high leval mixed wasto in hot colls~ storago

tanks, glovoboxes, and othar hontila ●nvironmonts can b.

perfoxwd. A fiber optic couplod LIBS symtam has tho

potential of further raducing radiation ●xposure to

pernonnol who perform anal~ical analysis on high level

mixed wasta sinca, in principle, the analyst can b-

3



positioned tons of motcrs away from tho sampla during

analysis. This benefit has been realizad bccausa fibar optic

cablaa aro now available that allow magawatt short duration

lasar puleD@a(10 nanosecondm~ to be transmittal with

efficioncie9 graatar than 99.99 % par motar without

siqlificant optical damago to tho fiber.J

In this rapoti, WQ will discuss results from tha

analysim of vitrifiad waat9 glasses and contaminated soils

using tho LIBS tmhniqw. The analysis of a soil sampla

containing Sr, Cr, Zr, Pb, Be, Cu, and Ni using a fibar

optic couplod LIBS sy=tam will also bo prasontd. l?ho

moasuramonts on wacta glasses and contaminated soils

raportod hero wora ptrform.d on IWIradiOaCtiVO samplas

containing Sr. W. boliwo that tha analysis on high level

mixad wasto mmplaa will b- vary similar and straightfomard

basad upon tha measuromants preaontod in this ropofi.

EXPERIMENTAL

Tho LIBS tachniqua has bean d~scribod previously in

dotall.4 Thum only a brief description will b. given hare. A

schomatiu of a typical LIBS apparatus is shown In Figuro 1.

PUISOM from a Nd:Yag la-or (10 naac duratiot~)oporating at

1064 nanomotorm ara foousad onto tho ●urfac~ of a sample

using a lans. Mponding upon tha sampla typa, laser •norgia~

from 10 to 100 - / pulso aro ucad to gonorata tha plasmam.

Tho ●mission from tho plasma is colloctod and imaqod onto

A



. .

tho antranca slit of a s~trograph. W. uaad 1/3-, 1/2-, or

I-MtOr ●~rographs for tho moasuramants prasontod hara.

Tho wavolangt.hrasolvad ●mission from tho spectrograph was

datcctad with ●thor a Tracer Northorn or a Princaton

Instruments 1024 ●lamant linear photod.iodaarray dctoctor.

To obtain tamporal resolution, tho photodiodo array detactor

was gatad using a microchannel plate imago inta]inificr.For

tho f-r optic couplad LIBS systam, tha output from ths

laser was direct- into a 1.5 millimotar-diamator fibs

optic using a small tolaacopo. Tho ou=put from tho fihr

optic cablo was collimated and focuaad onto th~ surfaco of

th ●mpls using a pair of lenaaa.3 Tho amisaion waa

colloctad with a fibar optic bundle and diractcd onto tha

alit of a apcctrograph. For tha analyoia proaantad in this

tho raport, a fivu mat-r long fiber optic cabla was umd to

transmit tha lasar pulsom to tha sample.

RESULTS AND DISCUSSION

Strontium has thraa strong atomic emission lines in tho

vimibl. ragion of Ml@ optical spactru.mat 407.7, 421.5, and

460.7 m.s A typical LIBS spectrum of a ●amplo of a wasto

tank ●imulant (101-SY) im shown in Figuxa 2. LIBS spectra

for tha glans and sail sampJ.esalso show Sr linas in this

ragion.

T!IOSr concentration in tho four glass sampl-s

(Savannah River National Laboratory) analyzed rangad botwcan
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100 and 300 ppm SrO. Concentration detkction limits for tho

407.7 nm @mission linm of Sr was datsrmin~ using th~ 39o.5

emission line of Si as an internal stcndard. TM

concentration dataction limits ars dotarminod from th

•~r-~=ion CL = 3 x s / D whra S is th standard

deviation of tha maamxamonta at low concentration and m is

tho S1OP of the calibration curve.6 A calibration curva fOr

Sr in tho Wasto glass aamplos is shown in Figur@ 3. Using

tha data from this calibration curio, and tha abova

exproanion for CL, w. obtalnad a dotaction llmit of 16 ppm

for Sr in tha glass samples. Tho thrao S moasuromant

corroeponds to a 99.9 8 level of conficlancc. Tho glaau

samplam containing the traca amount of Sr waa previously

&nalyzd by Inductively-Couplad Plasma - ?4asnSpectroscopy

(ICP-HS) and found to contain ovor 70 major and minor

oluontm.7 Thus w- boliovo that this ia a claar

demonstration ef tha ability to analyza a complox glass

matrix using tho LIBS tachniqua.

Soil is anothar ●xamplo of a complex matrix containing

many ●lamw!ts. A LIEM3mpactmm of Sr in soil is shown h

FigUr@ 4 fOr tha 407.7 nm ●misaion lina. As can b-an ●acn

fr9m the J?igura,tho soil blank contains a traca of Sr. For

tho dotoction limit sat of maasuromants, th~ soil blank was

spikti with Sr concentrations batwaan 25 and 1000 ppm.

calibration curvas for soil samples spikad with Sr ara shown

in Figuro 5. ~o calculata”dblank concentration rang.

batwoan 35 and 45 ppm. W* datarminod datoction limits of 30,
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24, and 80 ppm, raspctively, for Vi@ 407.7, 421.5, and

460.7 nm emission linas of Sr in soil. Tha internal standard

for this set of moasuremants was Fe.

We also usad a fibar optic couplad LIBS systa.mto

parform maasuramants on soil sample=. Tha rasults aro shown

in Tabla 1. It should M noted from tho data pronontad in

Tablo 1, that datcction limits for Sr and othr important

mstal contaminants ( Cr, :r, Pb, M, CU, and Ni) war.

datorminad in tho ●mpla. Although tho parcsnt relativa

standard deviations aro high, w. baliavo that tha fibar

optic LIBS ayetam can k usad to remot~ly analyza mix-

waste samples at a distance. Invastigation8 to improve the

pracioion of tha maaeurements using the fibar optic LIES

systam aro Currmtly in progress. In principle, sinca the

transmission of tho laser through tho fib-r is 99.99 % per

mater, remota analysis at distancaa of many matars could be

parformad with a high level of confidanco. For ●xampla,

analynim of mixed wasto insida waste storaga tanks, hot

calls, glovaboxom, WC1l boro holom, or othaz hostila

enviromontm could b. porformad.

CONCIJJSION3

W. havo damonatratod that thw LIBS tachniqua can b.

uoad to datorminm tr.lo●lamontal composition of complox mixad

wasto samples. Comparod tc traditional analysin tachniquas

usad to analyza mixed waste, this tachniqua i- simplo and



analysia can ti prfomad in a f*w minutas. Typical

dataction ltiits rang. Mtwoon a faw ta hundrads of ppB

dapndhg upon th mmplo matrix and ●parimantal

condition=. This analysis tachniquo is also ●asantially

wasto fr-a sinco only a fow micrograms of material is

ramoved from tha aampls and littlo or no ●mplo preparation

is raquirad. Using the fibar optic LIBS syatam, an analysts

can datarmina tho ●lamantal com~mition of high lovol ●ixad

wasto in hot CQIIS, etorago tanks, glovaboxoa, and othr

hostilo ●nvironmants. Finally, tha fibar optic LIBS systam

has tho potantial of fufior raducing tho radiation ●xposure

to ~rsonnol who parform analytical analysim on high lCVC1

mixad vast..
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Figure 2. A LIBS spectrum of ~ sample of waste tank simufants in

the 420 nanometer region.
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Sr in LA Soil
LIBS Calibration Curves
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Figure 5. Calibration curve8 for Los Alamo8 soil samplea spiked
with Sr.


